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Abstract 

 

The effect of different hydrocolloids (carrageenan, guar and xanthan guar) and the 

concentration of sugar (45, 55 and 55 %wt) on the standardization of soursop 

(Annona muricata) jam and the evaluation on viscoelastic properties were 

investigated. The samples tested by dynamic viscoelasticity were carried out to 

characterize the rheological behavior of jam. The dynamic viscoelastic properties 

characterized by an oscillatory frequency sweep under small deformation 

conditions showed fluid-like viscoelastic with a weak gel-like structure. The 

interaction of the hydrocolloids with different sugar concentration at the interface 

appears to play a decisive role for the gelling process on jams. The interaction of 

hydrocolloids with other components coexisting in food matrices allows increased 

flexibility for food research development. 

 

Keywords: jam, soursop (Annona muricata), rheology, viscoelasticity, cox–merz 
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Introduction 
 

The rheological characterization of food is important for the design of unit 

operations, process optimization and high quality product assurance[1], [2]. The 

viscoelastic properties are very useful in the design and prediction of product 

stability. Moreover, viscoelastic products may exhibit interesting behavior such as 

the Weissenberg and Barus effects [1], [3]. Thus the study and description of the 

viscoelastic properties of liquid foods is important for a better understand of their 

behavior during processing, storage and consumption [4]. 

Jam is one of the most popular fruit preserves, prepared by boiling fruit pulp with 

sugar, pectin, acid, and other ingredients like preservative, coloring and flavoring 

materials to a consistency firm enough to hold the fruit tissues in position [5], [6]. 

The addition of gelling agent is important to ensure that the jam product has a 

reasonable thick consistency and is firm enough to hold the fruit puree-sugar in 

position. Pectin is primarily used in food industry as a gelling agent for jams, jellies, 

and other foods [7]. Many studies are available on the elaboration of jams with an 

alternative gelling agent such as sago starch and carboxymethyl cellulose [8], gellan 

gum-guar mixtures on peach jams [9] however, there are no available studies 

devoted to the effect of using different hydrocolloids carrageenan, guar or xanthan 

gum gelling agent and the sugar concentration on a soursop jam.  

 

The rheological behavior of solution added hydrocolloids is affected by structural 

features of the hydrocolloid backbone and its side chains, molecular weight and 

conformation of the hydrocolloid molecules as well as solvent conditions [10]. The 

modification of rheological characteristics is helpful to modifying food sensory 

properties. The main aim of this work was to study the effect of different 

hydrocolloids and the concentration of sugar on the viscoelastic properties of 

soursop (Annona muricata) jam were evaluated. 

 

Material and Methods 
 

Materials 

Soursop (Annona muricata) and sugar were purchased from local supermarkets 

(Cartagena, Colombia). Pectin, carrageenan, guar gum, xanthan gum, and citric 

acid, were purchased from Tecnas (Medellin, Colombia).  

 

Preparation of jams 

Ten soursop jam formulations were prepared with different hydrocolloids and 

sugars concentration. Three alternative hydrocolloids were used: carrageenan, guar 

gum, xanthan gum. A control with commercial pectin were done. The conditions 

and coding of prepared jams are represented in Table 1. Soursop pulp was mixed 

with half the quantity of sugar and stirred at room temperature until dissolution of 

sugar. Then, pH was adjusted to 3 with citric acid 10 %wt and the mixture was 

heated. When the temperature reached 75 ± 1 °C, and the mix reached 40 ºBrix the 
rest of sugar, previously mixed with the hydrocolloid 0.5 %wt, was added and stirred. 
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Soursop jams were cooked until the final product contained 65 ºBrix. Hot jams were 

poured into glass jars with screw caps and stored at 4 °C for 72 hours further 

analysis.  

 

Table 1. Formulations for the different soursop studied. 

 

Sample Code Thickener agent 

SCP Pectin 0.5 %wt + Sugar 55 %wt 

SC45 Carrageenan 0.5 %wt + Sugar 45 %wt 

SC50 Carrageenan 0.5 %wt + Sugar 50 %wt 

SC55 Carrageenan 0.5 %wt + Sugar 55 %wt 

SG45 Guar gum 0.5 %wt + Sugar 45 %wt 

SG50 Guar gum 0.5 %wt + Sugar 50 %wt 

SG55 Guar gum 0.5 %wt + Sugar 55 %wt 

SX45 Xanthan gum 0.5 %wt + Sugar 45 %wt 

SX50 Xanthan gum 0.5 %wt + Sugar 55 %wt 

SX55 Xanthan gum 0.5 %wt + Sugar 55 %wt 

 

Rheological evaluations. 

The rheological analysis was done following the procedures describes by Quintana-

Martinez et al 2018 [11]. Small-amplitude oscillatory shear (SAOS test) were 

carried characterized using a controlled-stress rheometer (Modular Advanced 

Rheometer System Mars 60, Haake, Thermo-Scientific, Germany), equipped with 

Peltier temperature control and measuring system, using a stainless steel plate-plate 

geometry (Ø 35 mm) with 1 mm gap [12]. Measurements were made in triplicate 

for each sample and conditions. The samples were loaded on the inset plate and left 

to rest at 25 ± 0.1 °C for 10 min, for structure recovery. SAOS viscoelastic functions 

were measured in the lineal domain over a frequency range of 0.01 to 100 rad·s-1. 

Stress sweeps from 0.01 to 1000 Pa at 1 Hz were previously performed to determine 

the lineal viscoelastic region. The conditions and coding of prepared jams are 

represented in Table 1. 

 

Results and discussion  
 

Amplitude sweep 

Small deformation oscillatory measurements provide better information in terms of 

structure of the material compared to large deformations in the empirical methods. 

The alterations in the structure of the material can be reversible, provided the 

deformations are kept small. Moreover, amplitude sweep has been used to 

distinguish weak gels from strong gels and has been given suitable information 

about material structural strength. The profiles of mechanical spectra for jams 

showed typical structured system. Strong gels may remain in the linear viscoelastic 

region over greater strains than weak gels [13]. Amplitude sweep test for soursop 

jams at different sugar concentration 50, 55 and 60 %wt, and different hydrocolloids 

were carried out at 25ºC and 1Hz. As shown in Figure 1, in this region, both the storage 
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modulus (G′) and loss modulus (G″) are strain independent at constant angular 

frequency. G′ was greater than G″ at low frequency while the two parameters (G′ 

and G″) crossed over in the middle of the stress range in all jams. This crossover is 

a good indicator of the yield stress, in which the structure ruptured, and the flow 

behavior initialized [14]. There were two different regions observed at amplitude 

plot; lineal viscoelastic region, where G′ and G″ had a constant amount, and 

nonlinear region, where G′ and G″ changed with an increase in the strain. 

Furthermore, G′ was higher than G″, indicating the jams presented a more elastic 

than viscous behavior. 

 

 

Figure 1. Stress sweep test 
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The samples presented the linear viscoelastic region in the range from 0.8 to 60 % 

at a constant frequency of 1 Hz, where a stress of 10 Pa was established to be able 

to carry out frequency sweep. The effect of sugar concentration and the 

hydrocolloids on moduli in the linear viscoelastic region is presented in Table 2. 

The storage modulus at 45%wt of sugar was about 220.30, 213.08 and 97.05 values 

for carrageenan, guar gum and xanthan and at 55% were 64.65, 70.876 and 61.50 

respectively, being the higher values at lowest content of sugar for all case. For 

control sample G' was 185.35. It can be concluded that have more interaction as 

concentration of sugar was increased and therefore G was raised.  
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Table 2. Linear viscoelastic region parameters 

 

Code sample G' G"  Tan (δ) 

SPC 185.35 241.29 -- 

SC45 220.30 151.36 0.277 

SC50 178.98 252.19 0.226 

SC55 64.65 86.82 0.226 

SG45 213.08 292.24 0.232 

SG50 144.41 295.94 0.233 

SG55 70.876 102.54 0.234 

SX45 97.05 127.88 0.277 

SX50 72.44 110.29 0.375 

SX55 61.50 127.17 0.247 

 

Frequency sweep 

Figure 2 shows the evolution of the storage (G') and loss (G") moduli within the 

lineal viscoelastic region for soursop samples formulated with different added sugar 

concentration with three hydrocolloids. These formulations are compared with a 

control formulated with pectin. In all cases, the typical gel-like behavior with G' 

values higher than G'' in all the frequency range studied was observed which is the 

typical behavior of gels with a predominant elastic character. This indicates the 

existence of well-developed networks in all jams. According to Quintana et al 2018 

[11], the viscoelastic behaviour of products is also influenced by the structure of 

polymers.  

 

Both G' and G" showed high dependency of the viscoelastic moduli on oscillatory 

frequency, but the G" did not cross over the G' in the frequency range which was 

studied here. Moreover, the pectin solution exhibits more elastic property at lower 

frequency region and more viscous property at higher frequency region. Generally, 

G' decreased with increasing the percentage of sugar, especially at high frequencies. 

So, the control sample has the highest value of G', in relation with the hydrocolloids 

guar gum present the highest value and xanthan gum the lowest. It has been 

established that the rheological properties of jam are mainly affected by the amount 

of sugar added, proportion and kind of gelling agent used, fruit pulp content, and 

process temperature [15]–[18].  

 

Pectin form gels at low pH and high sugar concentration; therefore, they are called 

sugar acid gels. The gelation mechanism of pectin is produced by non-covalent 

bonding of adjacent pectin chains, leading to an interconnected three-dimensional 

network. These bonds are produced in junction zones, which are stabilized by 

hydrogen bonds and hydrophobic interactions between the methyl-esther groups of 

the pectin chains. The sugar (or other co-solutes) reduces the water activity, 

promoting hydrophobic interactions [19].  
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Figure 2. Comparison of storage modulus (G') and loss modulus (G'') in function 

of frequency for jams 
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The variation of the loss factor tan 𝛿 as a function of frequency for jams with 

different sugar content and different type of hydrocolloids is shown in Figure 3. 

Tan 𝛿 (tan 𝛿 = 𝐺′′ 𝐺′⁄ ) is used to evaluated whether a system exhibits more liquid-

like behavior or solid-like behavior (purely elastic δ = 0º and G' > G''; purely 

viscous, δ = 90º and G'' > G'). The tan 𝛿 values were below 0.5 (Table 3), revealing 

that gel behavior is primarily elastic in nature [20]. These results suggest that the 

network showed more elastic-like properties in a larger range of frequencies, which 

may be attributed to the deformability of the solids content. Then, SCP present 

similar viscoelastic properties of SC45, showing that soursop jam formulated with 

carrageenan and 45 % of sugar is a replacement of pectin.  

 

Figure 3. Mechanical spectra showing the variation of tangent with frequency for 

jams 
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Applicability of the Cox–Merz rule  

The empirical relationship between dynamic and apparent viscosities is described 

using the Cox-Merz rule, which states that the dynamic viscosity η* at a given 

frequency is equal to the apparent viscosity η at the same shear rate [21] This rule 

provides insights on sample microstructure.  

 

Figure 4. Cox-Merz plot of complex viscosity (η*) against apparent viscosity (η) 

for jam prepared using hydrocolloids at different sugar concentration. 
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According to the Cox-Merz rule, complex viscosity as a function of angular 

frequency (ω) is related to steady shear viscosity as a function of shear rate (γ̇) [21]. 

Polymer solutions devoid of strong interactions should have identical dynamic and 

steady shear viscosities at matching frequencies and shear rates; this departure from 

the Cox-Merz rule could be explained by structural breakdown of particles or weak 

gel networks under large deformation conditions [22]. However, none of the jams 

obeyed the Cox-Merz rule (Figure 4), suggesting that all product exhibited 

viscoelastic behavior indicative of a weak gel-like structure. Furthermore, the 

magnitudes of η* were higher than those of η, indicating a weaker jam structure at 

the conditions studied, which remained intact under low amplitude oscillation but 

was disrupted under continuous shear [23]. Lopes Da Silva and Rao (2007) [24] 

stated that the deviation from the Cox-Merz rule for complex dispersions can be 

attributed to the presence of high-density entanglements or to the development of 

network structure and intermolecular aggregation in solution.  

 

Conclusions 
 

The rheological behavior of a jams is influenced by several factors, mainly the 

intermolecular forces and the water-solute interaction which limit the movement of  
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the particles at a molecular level. In this study the dependence of parameter 

rheological on type of hydrocolloid and sugar concentration was observed; the 

ingredients affect the quality in terms objective, textural and rheological, attributes. 

Typical gel-like behavior with G’ values higher than G’’ was observed with a 

predominant elastic character. This indicates the existence of well-developed 

networks in all jams. G’ decreased with increasing the percentage f sugar, especially 

at high frequencies. The tan 𝛿 values were below 0.5 revealing that gel behavior is 

primarily elastic in nature. None of the jams obeyed the Cox-Merz rule suggesting 

that all product exhibited viscoelastic behavior indicative of a weak gel-like 

structure.  
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